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 Abstract 
Genus Vicia comprises more than 190 species that chiefly grow in the temperate area of 
Europe and Asia as well as some parts of tropical Africa, North America, and South America. 
Based on inflorescence length and the presence of nectariferous spots on the stipules, the 
genus is divided into two subgenera Cracca (Vicilla) and Vicia, consist of 17 and 9 sections, 
respectively. The most widely known species is faba bean (V. faba), also referred to as poor 
man’s meat. However, the close relatedness of V. faba from section Faba with section 
Narbonensis is still uncertain while V. hirsuta placed in section Cracca although 
morphological and biochemical evidence support its separation from Cracca. Moreover, 
there is also the issue of further dividing the genus by separating Ervum as the third 
subgenus. Therefore, this work aimed to examine the evolutional relationship among 24 
selected species of genus Vicia by using housekeeping genes, nuclear ribosomal internal 
transcribed spacer (ITS2) and mitochondrial cytochrome c oxidase subunit I (Cox1). The 
plant DNA was extracted and amplified with gene-specific primers followed by PCR product 
clean up by using GeneJET. The cleaned DNA fragments were cloned with a pGEM-T vector 
and sequenced. The sequence alignment was performed using CLUSTAL W and MAGA-X 
to construct maximum likelihood phylogenetic trees. The result showed that most of the 
species were monophyletic and there were few paraphyletic groupings. Species in section 
Narbonensis were in the last part of the tree whereas V. faba was placed in the upper part far 
from those species. V. hirsuta formed a clade with section Narbonensis rather than with 
section Cracca. Similarly, section Ervum grouped with species of section Cassubicae and 
Panduralae instead of being separated from the rest of the species. In conclusion, this work 
showed the molecular phylogenetic tree of 24 selected species of genus Vicia which are able 
to provide more acceptable details to classify as compared to previous Vicia morphological 
phylogenetic tree. ITS2 was a more informative tool than Cox1 for dealing with phylogenetic 
relationships.  
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1. Introduction  
Legumes (Fabaceae) are the third biggest flowering (angiosperm) family and the second most 
nutritional important to human after the cereals (Poaceae). Legumes are a good source of 
protein and affordable, so they are considered as suitable replacements of animal products as 
source of protein in the human diet. Their secondary metabolites can be used as a raw material 
for different industries such as pharmaceuticals to produce medicine and fortified food, 
chemical industry to produce environmentally friendly pesticides as well as in the production 
of biofuels. In addition, their symbiotic relationship with nitrogen-fixing bacteria in the roots 
increases their value in agricultural production and productivity. They also a play major role 
as a source of animal feed (Raveendar et al., 2015).  
Vicia L. is a genus belonging to the family Fabaceae that has more than 190 species that mainly 
grow in the temperate areas of Asia, Europe and tropical Africa as well as North America and 
South America (van de Wouw et al., 2001; Abozeid et al., 2018). Currently, it is believed that 
Europe and Asia account for approximately 110 species while around 15 species are endemic 
to Africa. North America and South America each hosts about 20 species (Roze & Rūrāne, 
2013).  Faba bean (Vicia faba L) is one of the most important and well-known species of the 
genus. It is mainly used as human food especially in West Asia and North Africa and also used 
as animal feed elsewhere in the world (van de Wouw et al., 2001). Moreover, in Europe the 
use of faba bean as food has been increased. Specially in Nordic country several companies are 
promoting health and environmental benefit of plant based protein (Gold and Green 2020, 
Verso Food 2021).  
Genus Vicia can contribute to filling current world needs regarding agricultural crop production 
and animal feed (van de Wouw et al., 2001). However, many members of this genus contain 
toxic and antinutritional compounds that are harmful for human and animal health ( Berger et 
al., 2003; Lahuta et al., 2018). Studying and understanding taxonomic relationships between 
the important crops and their close relatives is essential to bring the desired characteristics from 
wild relative to our target plant through different breeding methods (Abozeid et al., 2018; 
Caputo et al., 2013). The background of taxonomic classification of genus Vicia is relatively 
stable and based on Kupicha’s (1976) classification with minor modification (Hanelt & Mettin, 
1989). 
Genus Vicia is characterized by inflorescence length and the presence or absence of nectaries 
in the stipules. The two features are used to classify the genus into two subgenera. The first 
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and largest is Cracca (Vicilla) which contains 17 sections including major forage species. The 
second one is Vicia which has 9 sections covering important agricultural legumes (van de 
Wouw et al., 2001). Even though the current classification is widely accepted, still there is 
disagreement among taxonomists regarding the relation of V. faba with its close relatives as 
well as the placement of different species in a particular section (Caputo et al., 2013). 
Morphology based classification of Vicia species has been the reason that still there is 
unresolved and floating taxonomic group among the species. This happens because most of the 
species have intermediary structural characters that make it almost impossible to distinguish 
them without any molecular aid (Raveendar et al., 2015). Phylogenetic categorization based on 
the genomic DNA sequence provides more knowledge and widens the scope of understanding 
by giving the whole perspective regarding the study target. Furthermore, the extracted 
information from a DNA sequence can be used to study genetic evolution between and within 
species (Frediani et al., 2004). 
2. Literature review 
2.1  Morphology based classifications of Vicia 
The role of phylogenetic information in different field of study has become more common and 
useful in the last 20 years. Having diversified phylogenetic data is becoming more important 
in biology conservation and other biodiversity questions (Janssens et al., 2020). Phylogenies 
can solve problems raised from relatedness in biological communities. However, 
understanding the whole evolution of an organism requires combinations of several data types 
including phenotypes, genomic data and geographic distribution. Specially in the plant 
community, there is not enough evidence related to species to produce phylogenies, so that 
biologists and plant ecologists are forced to use common methods to generate trees that will 
work for their intended aim (Qian & Jin, 2016); Bouckaert et al., 2019). 
Vicia is taxonomically divided into two subgenera, Vicia and Cracca (Vicilla) based on the 
morphological categorization of Kupicha (1976) according to the relative length of the 
inflorescence and presence or absence of nectariferous spots on the stipules (Leht & Jaaska, 
2002; Leht, 2005; Leht, 2009). The subgenus Vicia is a small and aggregated taxon. The species 
in the subgenus share a number of unique features and it can be easily distinguished. Due to 




The subgenus Vicia is characterized by the presence of nectariferous spots on the stipules as 
well as with short inflorescence. There is considerable morphological difference among the 
members. The number of sections in this subgenus is stated differently by different authors 
from 5 to 9. According to different characterizations used to group the species, there are 20 to 
80 species in the subgenus Vicia. Most species are self-pollinated annuals. There are also cross-
pollinated or partially cross-pollinated species such as V. grandiflora and V. faba. Species of 
sections Sepium (Radzhia) and Lathyroides (Buchenau) are cross-pollinated perennials. 
Several agricultural important crops including faba bean (V. faba), narbon vetch (V. 
narbonensis subsp. narbonensis), and field vetch (V. sativa subsp. sativa) belong to this 
subgenus (Hanelt & Mettin, 1989; Leht & Jaaska, 2002) 
Cracca is the correct name of the second subgenus rather than Vicilla (Leht, 2009). It is the 
larger subgenus and contains about 140 to 160 species. Due to its lack of uniformity and 
common morphological and other biochemical characterizations in a major part of this 
subgenus, it is difficult to give stable and precise categorization. The large number of Cracca 
members are characterized by the following phenotypic traits: perennial, many flowered, long-
peduncled, simple stipules, and more primary scale leaves on main stem (Hanelt & Mettin, 
1989). Cracca, unlike subgenus Vicia, has not received much modification to its 17 sections. 
The changes done by recent work of taxonomist from Kupicha (1976) are basically in the 
number of subgenera, sections and the categorization of some species in section for example, 
V. hirsuta (L.) S. F. Grey, V. sylvatica L. and V. biennis L placement is different from Kupicha 
(1976). Most forest Vicia species of Eurasia belongs to subgenus Cracca (Hanelt & Mettin, 
1989; Leht, 2005). 
Leht’s (2009) study placed the Ervoid group in a separate subgenus Ervum (Figure 1) which is 
argued differently from Kupicha (1976). The supporting idea in is that the Ervoid group forms 
a monophyletic clade outside both subgenus Vicia (I) and Cracca (II). Subgenus Ervum has 4 
sections, namely Ervum, Ervilia, Ervoides and Lentopsis.  
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Figure 1. Phylogeny of genus Vicia based on morphology (Adopted from Leht, (2009)). 
2.2  Biochemical and Molecular based classifications of Vicia  
Isoenzyme analysis is commonly used in taxonomy of groups with very broad as well as 
diversified morphology. More often the result can be implemented to combine different species 
or to apply segregation among the members in certain genus. It is simply done based on the 
number of a band in the electrophoresis gel as well as allelic frequency and ratio can be used 
to draw a hierarchical hypothesis (Micales & Bonde, 2017). From subgenus Cracca (Vicilla) 
the cladistic and phenetic relationships of 27 species were studied by using isoenzyme 
composition variation pattern at 15 loci. The analysis found that there were both polyphyletic 
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and monophyletic categories in different sections of this subgenus. For example, sections 
Cracca, Ervum, Pedunculatae and Lenticula formed monophyletic groups, whereas section 
Oroboideae and Panduratae were polyphyletic. On the other hand, the isoenzyme result did 
not separate section Ervum into a third subgenus. Hence, it formed paraphyly with other 
members of subgenus Cracca (Jaaska, 2005). 
Jaaska (1997) used polyacrylamide gel electrophoresis (PAGE) to separate isoenzymes of ten 
enzymes and allozymes that were genetically different and coded by 17 loci of 21 species of 
subgenus Vicia. According to the cladistic analysis of allozyme data, there were two 
monophyletic classes with two monophyletic subclades for each. The first subclade of the first 
class contained Vicia, Sepium, Pseudolathyrus and Lathyroides related species. In the second 
subclade of the first class were species from section Peregrinae. The first subclade of the 
second monophyletic class comprised section Hyperchusa species such as V. hybrida, V. 
pannonica, V. anatolica and V. melanops, along with section Narbonensis. The morphology of 
Narbonensis resembles that of faba bean. The second subclade of the second monophyletic 
class was paraphyletic and consisted of V. hyrcanica and V. lutea from section Hyperchusa 
(Jaaska, 1997; Potokina et al., 1999; Leht & Jaaska, 2002). The isoenzyme analysis evidence 
showed that section Narbonensis is not the closest relative to the cultivated faba bean as is 
often stated from their morphological resemblance (Jaaska, 1997). 
Restriction site variation and repeating length of Vicia ribosomal DNA (rDNA) were assessed 
in 49 species of the genus. DNA restriction endonuclease fragment analysis showed that there 
was a significant difference between V. faba and members of Narbonensis species complex 
(Raina & Ogihara, 1995; Jaaska,1997). Moreover, the genetic relation between the 
Narbonensis species complex and V. bithynica with V. faba was distant and they do not share 
synapomorphic substitutions; rather, V. faba was more related to section Peregrinae (Shiran et 
al., 2014). 
2.3 Phylogeny using nuclear gene ITS 
The internal transcribed spacer (ITS) is located between 16S-5.8S-26S regions and has three 
different regions (Figure 2), the conserved parts being ITS1 and ITS2 and there is the exon part 
between of 5.8S. The total length of ITS is different depending on the species of plant, in 
angiosperms it could be from 500 to 750 bp whereas in other seed plants it is much longer, 
between 1500 and 3500 bp (Poczai & Hyvönen, 2010). Nuclear internal transcribed spacer 
(ITS) regions sequence has been commonly used as a DNA marker in plant phylogenetics 
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(Kress et al., 2005; Cowan et al., 2006; Cheng et al., 2016). ITS is highly variable even among 
closely related species, so it is very suitable to study taxonomies. It has a very conserved region 
that can be used to assess ancestral diversification and roots (Tippery & Les, 2008; Miranda et 
al., 2010).  
ITS1 and ITS2 has been very useful tools for the taxonomic classification of different legumes 
(Wojciechowski et al., 2004; Shiran et al., 2014). In addition to phylogeny, the structural data 
of family tree from ITS can give useful information in order to draw a hypothesis to understand 
ancestral root (Tippery & Les, 2008). 
Internal transcribed spacer (ITS) sequences of nuclear ribosomal DNA were analyzed for 
comparison of stylar features of 48 taxa of Fabaceae. According to stylar shapes and hairy 
patterns, it was possible to distinguish the monophyletic and paraphyletic relation among the 
taxa. There were four types of style: Dorsiventrally compressed and evenly hairy all round (De-
type), terete and evenly hairy all round (Te-type), laterally compressed and evenly hairy all 
round (Le-type), dorsiventrally compressed and abaxially tufted (Dabt-type). Species from 
East Asia including members of section Amurense and European species such as V. pisiformis 
formed a clade with subgenus Cracca species from East Asia since they have De-type style. V. 
hirsuta and V. vicioides (Desf.) were characterized by Te-type styles. All species-related to 
section Cracca have Le-type styles (Choi et al., 2006). 
Phylogenetic relations of 49 species of genus Vicia were presented by examining ITS1-5.8S-
ITS2 region of the 18S-28S nrDNA sequences. The result showed that there was considerable 
distance between the Narbonensis species complex (NSC) and V. faba as well as with V. 
bithynica. Instead, both V. faba and V. bithynica formed close groupings with sections 
Peregrinae and Vicia, respectively. In addition, except for the placement of V. lathyroides in 
section Vicia and of both V. vicioides and V. hirsuta in section Cracca, the current section 
placement was accepted.  ITS analysis showed that subsp. johannis from NSC possess six 
synapomorphic substitutions that gave support for it to be ranked as a species. This result also 




                                              
Figure 2. Genomic organization of the18S rDNA, ITS1, 5.8S rDNA, ITS2 and 26S rDNA 
(adapted from (Alcoba-Flórez et al., 2007)) 
2.4  Phylogeny using Mitochondrial gene Cox1 
Plant phylogenetic analysis will be more useful if the analysis includes the data extracted from 
mitochondrial, plastid, and nuclear genomes together and separately by using available 
techniques and methods (Barkman et al., 2000). Unlike chloroplast genomes, plant 
mitochondrial DNA (mtDNA) experiences frequent changes including rapid genomic 
modification, active cooperation with nucleus by transferring genes as well as integration with 
unknown DNA in the nucleus and changes of gene continuity in introns or exons. On the other 
hand, at the sequence level mtDNA is the most slowly evolving genome of the three plant 
genomes (Knoop, 2004). 
Mitochondrial cytochrome oxidase subunit I (cox1) sequence has been accepted and used for 
animal bar coding. However, because of its slow gene evolution in plants, it is not considered 
advisable to use it. Those slow changes at sequence level will not be useful to distinguish 
closely related species or generally at the species level (Kress et al., 2005; Fazekas et al., 2008).  
Despite this, Knoop (2004) stated that the slow evolution of gene and sequence still contains 
important phylogenetic information that can be used to look back at the ancestry and 
understand phylogeny. Phylogeny based on cox1 and atpA provided strong evidence in the 
process of clarifying the relationship between gnetales to angiosperms. The analysis showed 
Gnetales and conifers are close relative by rejecting the hypothesis of gnetales are sister to 
angiosperms (Bowe et al., 2000).   
3. Research Objective  
This study aimed at providing useful information regarding the phylogenetic relationship of 
genus Vicia at the species level from a different location. For this purpose, 24 selected species 
of the genus were assessed using a nuclear ribosomal internal transcribed spacer (ITS2) and 
mitochondrial cytochrome c oxidase subunit I (Cox1) as a study tool. The information derived 
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from the molecular phylogenetic tree will significantly help to resolve the disagreement on 
some of the species which are not still categorized in the right section. Moreover, molecular 
phylogenetic classification can be used with morphological information in order to understand 
the genus better.  
4. Material and Methods 
4.1 Plant material 
Based on their geographical distribution, 24 species of the genus Vicia were selected for this 
work. Aurora, ILB938 and Melodiei are three cultivar of V. faba were used as a reference for 
ITS2 since faba bean are relatively well studied compared to other Vicia species (Table 1). The 
leaf material was taken from the work collection of Ph.D. candidate Laura Vottonen’s at the 
University of Helsinki, Finland. 
Table 1. Plant species used in this work with their code in GenBank and the country where 
planting material was collected as well as with their current section they are placed.   
No_ Section Name of species Country Code 
1 Vicilla  Amurensis China VIC 82 
2 Pseudolathyrus  Bithynica Greece VIC 12 
3 Panduratae  Cassia Turkey VIC 5245 
4 Cassubicae  Cassubica Poland VIC 42 
5 Cracca  Cracca Spain VIC 72 
6 Ervilia Ervilia Syria ERV 111 
7 Faba  Faba    
8 Narbonensis  Galilaea Israel NAR 44 
9 Vicia  Grandiflora Hungary VIC 736 
10 Cracca  Hirsuta India VIC 861 
11 Vicia Lathyroides Slovakia VIC 731 
12 Hypechusa  Melanops France VIC 475 
13 Peregrinae  Michauxii Armenia VIC 831 
14 Narbonensis Narbonensis Italy NAR 35 
15 Cracca  Ochroleuca Yugoslavia VIC 73 
16 Vicilla  Orobus Norway VIC 67 
17 Peregrinae  Peregrina Kazakhstan VIC 5258 
18 Ervum  Pubescens Portugal VIC 478 
19 Vicia Sativa Tunisia VIC 1200 
20 Sepium Sepium Finland VIC 56 
21 Narbonensis  Serratifolia Hungary NAR 142 
22 Ervum  Tetrasperma UK VIC 726 
23 Vicilla  Unijuga Russia VIC 5146 




4.2 DNA extraction  
Plant DNA extraction was done according to the cetyltrimethylammonium bromide (CTAB) 
protocol of Doyle & Doyle (1990) with a slight modification in the CTAB preparation by 
adding 2.8 μl proteinase K (Thermo Fisher Scientific Baltics UAB, Vilnius, Lithuania) per 
sample. The leaf sample was collected and frozen at -20°C.  For DNA extraction those were 
frozen again with liquid nitrogen and ground in an MM300 TissueLyser Lab Vibration Mill 
Mixer (Retsch, Haan, Germany). A total of 0.9 ml of CTAB lysis buffer with mercaptoethanol 
was added to the ground leaf and vortexed to mix it well. The sample was then incubated in 
the 60°C heat block for 30 min. After 30 min, it was run in the centrifuge for 3 min at 8000 x 
g then 750 μl of supernatant was transferred into 2 ml tube with 750 μl chloroform-isoamyl 
alcohol and again centrifuged for 3 min. Then carefully, 650 μl of the upper part of the sample 
was taken into a fresh 2 ml tube to mix it with 650 μl chloroform-isoamyl alcohol, vortexed, 
and centrifuged for 3 min. To precipitate, 450 μl of the sample was transferred to a new 1.5 ml 
tube and then mixed with 300 μl ice-cold isopropanol. Later, it was incubated at room 
temperature for 30 min, followed by centrifugation for 10 min in 4 °C at full speed. When 
centrifugation finished, the pellet was washed with 500 μl of 70% ethanol. Subsequently, the 
samples were centrifuged for 5 min in the 4 °C centrifuges at full speed and later the ethanol 
removed. The sample was put at room temperature for 10-15 min to let the residual ethanol 
evaporate.  
Next, the samples were resuspended with 50 μl RNAse plus TE- buffer and incubated in the 
heat block for 30 min at 37 °C. A total of 400 μl TE-buffer and 500μl chloroform-isoamyl 
alcohol was added to the sample to be centrifuged for 5 min at 10 000 rpm. A volume of 450 
μl from the upper phase of the sample was transferred to a new 1.5 ml tube. The sample was 
then kept in the room for a few min to remove chloroform by evaporation. Finally, 45 μl of 3 
M NaCl and 1 ml ice-cold 99% ethanol was added, and the samples were kept in -20 °C freezer 
overnight. On the next day, the sample was centrifuged at full speed for 15-20 min at + 4°C. 
Following centrifugation, the liquid was removed from the pellet and washed with 100 μl of 
70 % ethanol. Lastly, it was run for 5 min at full speed in a + 4°C centrifuge and air-dried. 
Afterward, the sample eluted with 25 μl TE-buffer then stored in a -20 °C freezer. The quality 
and quantity of the extracted DNA was evaluated with 1 μl in the NanoDrop™ Lite 
Spectrophotometer (ThermoFisher Scientific Inc, Wilmington, DE, USA).   
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4.3 Amplification of DNA 
ITS2 and Cox1 amplification reaction was done in a total volume of 50 μl polymerase chain 
reaction (PCR) mix that contained 2 μl DNA, 9 μl 10 x Taq buffer, 1 μl of 10 mM dNTPs,1 μl 
Taq DNA polymerase, and 34.5 μl MilliQ water with 1.25 μl of their perspective forward and 
reverse primer (Table 2). The PCR reaction for ITS2 was started with a 4 min heating at 94°C, 
followed by 34 cycles consisting of 94°C denaturation for 30 s, primer annealing at 55 °C for 
40 s, and extension at 72°C for 1min. Reactions ended with a final step of 10 minutes at 72 °C. 
In order to amplify a Cox1 region the following program adjusted in the PCR machine, 94 °C 
for 2 minutes, 94 °C for 30 s with 35 cycles, 51 °C for 40 s, 72 °C for 1 minute with a final 
extension at 72 °C for 10 min.  The 5 μl PCR product was then subjected to 2.5 % agarose gel 
with ethidium bromide (Figures 3 and 4). The rest of the PCR products was purified according 
to the manufacture's instruction of the GeneJET PCR Purification Kit (Thermo Fisher 
Scientific, California, USA).       
        Table 2. List of primer used for amplification of ITS2 and Cox 1. 
Gene name  Primer name  Sequence 5′ to 3′   Z 
ITS2 ITSp3F YGACTCTCGGCAACGGATA (Cheng et al., 2016) 
 ITSu4R RGTTTCTTTTCCTCCGCTTA  
Cox 1 Cox1-42F GGATCTTCTCCACTAACCACAAA  (Fazekas et al., 2008) 
 Cox1-ajf699R ′CCGAAAGAGATGCTGGTATA  
 
                      
Figure 3. Electrophoresis gel shows that the amplification of the ITS2 region of the selected 
species from Vicia by using the primer listed in table 2. The size and the single band were as it 
was expected. 1.Amurensis, 2. Faba (aurora), 3. Bithynica, 4. Cassia, 5. Cassubica, 6. Cracca, 
7. Ervilia, 8. Galilaea, 9. Grandiflora, 10. Hirsuta, 11. Faba (ILB938), 12. Lathyroides, 13. 
Melanops, 14. Faba (Melodie), 15. Michauxii, 16. Narbonensis, 17. Ochroleuca, 18. Orobus, 
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19. Peregrina, 20. Pubescens, 21. Sativa, 22. Sepium, 23. Serratifolia, 24. Tetrasperma, 25. 
Unijuga, 26. Villosa. 
                     
Figure 4. Electrophoresis gel shows that the amplification of the Cox1 region of 24 selected 
species with their specific primer (Table 2). The expected size and the single band can be seen. 
1.Amurensis, 2. Bithynica, 3. Cassia, 4. Cassubica, 5. Cracca, 6. Ervilia, 7. Galilaea, 8. 
Grandiflora, 9. Hirsuta, 10. Lathyroides, 11. Melanops, 12. Faba (Melodie), 13. Michauxii, 14. 
Narbonensis, 15. Ochroleuca, 16. Orobus, 17. Peregrina, 18. Pubescens, 19. Sativa, 20. 
Sepium, 21. Serratifolia, 22. Tetrasperma, 23. Unijuga, 24. Villosa. 
4.4 Vector cloning and Sequencing 
Purified PCR products were ligated with pGEM-T vector and cloned according to the protocol 
in pGEM®-T vector system I (Promega, Madison, USA). To get recombinant plasmid, the 
product of cloning grew into Luria–Bertani plates that contained ampicillin as a selection 
marker. Only the positive colony was able to grow on a plate with ampicillin. Consequently, 
colony PCR was performed and checked in 1 % Agarose gel containing ethidium bromide. 
Based on the PCR confirmation, DNA was extracted by following the manual instruction in 
the GeneJET Plasmid Miniprep kit (Thermo Fisher Scientific, California, USA). DNA 
sequencing operated in Eurofins Genomics Germany GmbH (Eurofins, Ebersberg, Germany) 
and both ITS2 and Cox1 primers were used. 
4.5 Data analysis  
The result of the DNA sequence from both ITS2 and Cox1 was checked in VecScreen of 
National Center for Biotechnology Information (NCBI) for any vector contamination. After 
substantiating the contamination, trimming was performed on CLC Genomics Workbench 
(Version 21.0.3, QIAGEN, Aarhus, Denmark). Individual DNA alignment was implemented 
using CLUSTAL W (Thompson et al., 1994). Phylogenetic trees from both genes were 
constructed from the concatenation of ITS2 and Cox1 through PhyloSuite (Zhang et al., 2020). 
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The substitution model selection and construction of a phylogenetic tree were managed via 
MEGA_X (Kumar et al., 2018). Models with the lowest BIC scores (Bayesian Information 
Criterion) are considered to describe the substitution pattern the best (Nei & Kumar, 2000). 
During the selection for the best-fitting model, the default setting is used in MEGA-X. 
Combined phylogenetic trees of ITS2 and Cox1 were analyzed under maximum likelihood. A 
thousand replications of bootstrap were performed for this purpose (Felsenstein, 1985). 
5.   Results 
The primary objective of this study is to set the first step in the process of understanding 
phylogenetic relationship of genus Vicia at species level from different place. In order to 
accomplish this purpose, molecular phylogeny based on nuclear and mitochondrial DNA 
regions amplification and sequencing was performed, then sequence alignment was completed 
in both ITS2 and Cox1 DNA sequences. The result was used to construct neighbor-joining, 
maximum likelihood, and maximum parsimony. However, the phylogenetic tree from 
neighbor-joining, and maximum parsimony had low bootstrap support because the aligned 
DNA sequence had poor similarity. Therefore, in this work only the phylogenetic tree from 
maximum likelihood analysis is included since it is the best fit method according to the 
nucleotide substitution model selection. 
5.1 ITS2 Phylogenetic Analyses 
The lowest BIC scores (Bayesian Information Criterion) were 3453.471. Maximum likelihood 
(ML) analyses on 514 bp of ITS2 sample were based on the following substitution model, K2 
(Kimura 2-paramete) for which maximum likelihood value (—ln L) = 1498.906 and all 
nucleotide frequencies were 0.250. Rates of base substitutions of A—T, A—C, T—G, C—G 
were 0.038 whereas A—G and T—C = 0.174. This analysis involved 26 nucleotide sequences. 
All positions containing gaps and missing data were eliminated. There was a total of 345 
positions in the final dataset and evolutionary analyses were conducted.  
There were two groups that shared one common ancestor. V. cassubica, V. orobus and V. cassia 
from section Cassubica and Panduralae from subgenus Cracca formed one clade that was 
supported by 70% and 40% bootstrap, respectively. At the same time, this group formed a 
monophyletic clade with species of section Ervum including V. pubescens and V. tetrasperma 
and was supported by 22 % bootstrap, while the monophyletic clades of section Ervum had 94 
% bootstrap support. V. faba (Aurora, ILB938 and Melodie) grouped with section Hyperchusa 
(V. melanops) species, although with very low bootstrap support. Additionally, there was a 
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monophyletic group composed of two subclades, the first subclade from section 
pseudolathyrus species V. bithynica and section Ervilia species V. ervilia with 33 % bootstrap 
whereas the second subclade was from members of section Vicia, namely V. grandiflora and 
V. sativa supported by 79 % bootstrap. This monophyly formed a paraphyly with all the above 
clades with 99% bootstrap support. Furthermore, section Vicilla members V. amurensis and V. 
unijuga had a separate clade that was supported by 50 % bootstrap.  
Part of the big group section Peregrinae members V. peregrina and V. michauxii was 
monophyletic with species V. sepium from section Sepium with 38 % bootstrap support and 
their clade had 67 % bootstrap support, whereas V. lathyroides from section Vicia formed a 
paraphyletic grouping with both with the support of 27% bootstrap. Furthermore, from section 
Cracca including V. ochroleuca with V. cracca and then with V. villosa, formed a 
monophyletic clade with 94 % and 80 % bootstrap support, respectively. The last clade was 
composed of a mix of subgenus Cracca and subgenus Vicia. The monophyly from section 
Narbonensis such as V. galilaea, V. narbonensis and V. serratifolia was supported with 87 % 




                               
Figure 5. Phylogenies obtained from ML analysis of ITS2 sequence. Genus Vicia identified by their 
species name (Table1). The bootstrap consensus tree inferred from 1000 replicates. Branches 
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. Phylogenetic 
analysis based ITS2 have two more accession of faba bean (ILB938 and Aurora). 
5.2 Cox1 Phylogenetic Analyses 
Model selection for 733 bp alignment of Cox1 sample resulted maximum likelihood fits 
substitution models. The lowest BIC scores were 2687.694. This analysis selected T92 
(Tamura 3-parameter) for which maximum likelihood value (—ln L) = 1115.448, and 
nucleotide frequencies A and T=0.285, C and G=0.215. Rates of base substitutions were A—
T =0.047, A—C, T—G and C—G =0.035, A—G and T—C = 0.144. Based on the selection of 
complete deletion, all positions containing gaps and missing data were eliminated. There was 
a total of 693 positions used for evolutionary analyses. Even though there was enough data to 
draw the phylogenetic tree, there was low divergence in the coding region, so it failed to 
distinguish between species. The major reason was the low rate of sequence change and 




















































about genus Vicia evolutionary family relationship. Almost all phylogenetic relationship 
resulted from Cox1 have very low (>50%) bootstrap support (Figure 6). 
5.3 ITS2 and Cox1 Combined phylogenetic analyses 
The concatenated sequence of ITS2 and Cox1 dataset had an average of 1247 bp in each of the 
26 samples. According to the nucleotide substitution model, K2+G (Kimura 2-parameter: 
Gamma distribution) was the best fit with 3447.086 BIC score.  The result included the 
maximum likelihood value (—ln L) is 1491.157 and the four nucleotide frequencies were 
0.250. Rates of base substitutions of A—T and A—C =0.041, A—G and T—C = 0.167, T—G 
and C—G =0.041. The Gamma distribution parameter (+G) was 2.06 with 5 categories. All 
positions containing gaps and missing data were eliminated. There was a total of 349 positions 
in the final dataset that was used to analyze evolution. The phylogenetic tree from combined 
sequences of ITS2 and Cox1 had similar topologies with ITS2 phylogenetic tree except for 
some minor differences in their bootstrap support (Figure 7). 
















































Figure 6. Genus Vicia phylogenetic tree based on Cox1 sequence. The bootstrap consensus tree 
inferred from 1000 replicates. Branches corresponding to partitions reproduced in less than 
25% bootstrap replicates are collapsed.  The species name and description of genus Vicia is as 
it is referred in Table1.  
          
Figure 7. ITS2 and Cox1 combined phylogenetic analyses in Genus Vicia. The bootstrap 
consensus tree is inferred from 1000 replicates. Branches corresponding to partitions 
reproduced in less than 50% bootstrap replicates are collapsed. They are described based on 
their species name which is listed in Table1. 
6 Discussion  
The aim of this study was to provide a molecular phylogeny of 24 species of genus Vicia from 
different locations in respect to how they group or how the clade is genetically related. For a 
better understanding of the phylogenetic relationship of any given plant family, the use of 
nuclear genes plays a pivotal role (Álvarez & Wendel, 2003). The success depends on their 
DNA sequence divergence among the target taxonomic group, and their ability to evolve and 




















































The present results show that V. faba formed a monophyletic group with section Hypechusa 
(V. Melanops) and then to a group including sections Ervum, Cassubicae, and Panduratae but 
far from section Narbonensis. The clade of V. faba with Hypechusa (V. Melanops) is in line 
with Shiran et al., (2014) (Figure 7). However, the result contrasted with the work of Jaaska 
(1997) that stated a member of section Narbonensis forms close monophyly in a clade with 
species of Hyperchusa including V. melanops. On the other hand, In spite of morphological 
evidence, section Faba forms a separate grouping from a member of section Narbonensis with 
significant distance (Jaaska, 1997; Shiran et al., 2014). The cladistic and phenetic analysis of 
subgenus Vicia by Leht & Jaaska (2002) supported the inclusion of section Faba with section 
Narbonensis as did the morphological phylogenetic studied of Leht (2009). 
Monophyletic grouping between V. sativa and V. grandiflora was supported with 78 % 
bootstrap, in line with Shiran et al., (2014). However, Jaaska (1997) as well as Leht & Jaaska 
(2002) grouped V. grandiflora in section Sepium together with V. sepium and V. oroboides 
rather than in the section Vicia with V. sativa. This group also forms a monophyletic group 
with section Ervilia (V. ervilia) and Pseudolathyrus (V. bithynica). This result contrasted with 
Leht & Jaaska (2002) as well as with Leht (2009) which states that V. sativa forms close 
groping with sections Peregrinae, Hyperchusa, Pseudolathyrus and Narbonensis. Except 
section Pseudolathyrus, it did not closely cluster with the rest of the listed sections (Figure 7). 
Section Ervilia from subgenus Cracca and section Pseudolathyrus from subgenus Vicia 
formed one clade by their representative species V. ervilia and V. bithynica, respectively. Their 
monophyly relation had low bootstrap support (28%) (Figure 7).  The separation of V. ervilia 
from other closely related sections such as Ervoid species is discussed in both Jaaska (2005) 
and Leht (2005) and supported by Endo et al. (2008). Neither of them suggested the probability 
of a monophyletic clade with another member of subgenus Vicia. V. bithynica was considered 
paraphyletic to section Faba and far from section Narbonensis as stated in Jaaska (1997). 
However, it is very distant from V. lathyroides.  
Section Cassubicae including V. cassubical and V. orobus was in a clade with V. cassia from 
section Panduralae. Moreover, they had monophyletic relation to members of section Ervum 
such as V. tetrasperma and V. pubescens (Figure 7). The monophyly grouping of sections 
Cassubicae is the same result as Leht (2005) as well as the monophyletic of section Cassubicae 
supported by Leht  (2009) if V. amoena is included in this section. Furthermore, Leht (2005) 
argued that section Panduratae should be part of section Cracca. However, in this result V. 
18 
 
cassia was very far from section Cracca (Figure 7). In addition, Panduratae as an independent 
section was supported by Jaaska (2005) and Leht (2009). Section Ervum member V. 
tetrasperma and V. pubescen were monophyletic with 92% bootstrap support and the results 
agreed with the work of Jaaska (2005) and Leht (2005), which stated section Ervum is far from 
the member of Ervoid species, so, it is not possible to form a separate unified subgenus. 
Regardless, Leht (2009) supported the separation of the Ervoid group to establish the third 
independent subgenus.  
Section Vicilla related species V. amurensis and V. unijuga had a monophyly clade with 
average bootstrap support (Figure 7). They were polyphyletic to all the exceeding and basal 
clades. Hence, the inclusion of V. amurensis in section Vicilla is supported (Leht, 2005; Leht, 
2009). However, the study of the phylogenetic significance of stylar features in genus Vicia, 
mentioned that both have a different stylar type (Choi et al., 2006). 
The combination of V. lathyroides, V. sepium, and species of section Peregrinae such as V. 
peregrina and V. michauxii produced one clade (Figure 7). Jaaska (1997) stated that V. 
lathyroides formed subclades with sections Sativa, Sepium, and Pseudolathyrus by considering 
Lathyroides an independent section, though V. lathyroides formed a clade with Sepium. Still, 
V. lathyroides was distant from the rest of the other sections as well as from V. faba. Excluding 
that, they formed a monophyletic grouping with section Peregrinae (Leht & Jaaska, 2002; 
Leht, 2009). The separation of V. lathyroides from species of section Vicia is supported by 
Shiran et al., (2014). V.sepium and V. grandiflora were in a different clade of the phylogenetic 
tree with polyphyletic relation. According to Jaaska (1997), Leht & Jaaska (2002) and Leht 
(2009), V. grandiflora is supposed to be grouped with section Sepium. The monophyletic 
relation of section Peregrinae is well supported in the present results (Figure 7) as well as in 
Leht & Jaaska (2002); Leht, (2009). However, in the present phylogenetic tree, they did not 
form a linkage with sections Hyperchusa, instead they were very distant at low bootstrap 
support. 
Section Cracca is one of the biggest sections from subgenus Cracca (Leht, 2005). In this study, 
V. cracca, V. ochroleuca, and V. villosa were used and they have monophyly grouping to each 
other (Figure 7). The clade between V. cracca and V. ochroleuca, and theirs with V. Villosa is 
supported with 92% and 82% bootstrap, respectively. Furthermore, Leht (2005) placed the V. 
cracca under subsection apart from V. villosa whereas Jaaska, (2005) subgrouped V. cracca 
and V. ochroleuca together and another subgroup for V. Villosa. Additionally, Choi et al. 
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(2006) and  Shiran et al. (2014) in their studies respectively mentioned that they shared 
common features and formed one group. 
Species related to section Narbonensis such as V. galilaea, V. narbonensis  and V.serratifolia 
had monophyly with V. hirsuta. Shiran et al. (2014) explained the grouping between sister taxa, 
the first grouping including V. galilaea, V. serratifolia and other species, while V. narbonensis 
formed a group with others. This contrasted with the present result, where the clade between 
V. galilaea and V. narbonensis had 90 % bootstrap support whereas monophyly relationship 
with V. serratifolia was supported by 86 % bootstrap. The clade between section Narbonensis 
and V. hirsuta was very weakly supported. Nevertheless, the separation of V. hirsuta from 
section Cracca was significantly supported (Leht, 2005; Choi et al., 2006; Endo et al., 2008; 
Leht, 2009; Shiran et al., 2014). Moreover, Jaaska, (2005) placed V. hirsuta in sections 
Lenticula as sister subclades with sections Ervilia and Ervoides, but this result has been neither 
















7 Conclusion  
A molecular phylogenetic tree derived from combination of ITS2 and Cox1 proved to be useful 
to understand molecular evolution of species among genus Vicia. The present result was 
consistent with recently published work regarding the relation between Vicia faba and section 
Narbonensis, as it is stated that they are distantly related so that the placement of V. faba in 
different section is acceptable. Furthermore, based on maximum likelihood phylogeny 
analysis, it is possible to concluded V. hirsuta does not belong to section Cracca. Nevertheless, 
in which section V. hirsuta should be included must be examined in the future. In addition, V. 
tetrasperma and V. pubescens from section Ervum established monophyletic grouping with 
other member of subgenera Vicia and Cracca so that this work supported for the section to stay 
as part of subgenus Cracca. However, in order to give conclusive information on the phylogeny 
of genus Vicia the studies need to be carried in larger scale and also with different housekeeping 
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